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Fig. 2.1 Communication between human and a robot on Nakata’s experiment.
Fig. 2.2 Communication between human and a robot on Shibata’s experiment.
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Fig. 3.1 A sketch of cross correlation between two objects movement.
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Fig. 3.2 Experimental environments.
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Fig. 3.3 DOFs configuration and wheeled inverted pendulum mechanism of Robovie-IV
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Fig. 3.4 Time series data of moving in anteroposterior direction.
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Table 3.2 Conditions on experiment 1.
Name Explanation Figure
Human Between participants (Fig. 3.4(b))
Pend. hum.
Between a participant
and Robovie with
pendulum human-type swaying
Fig. 3.4(c)
Supp. sta.
Between a participant
and Robovie with
supported stationary swaying
-
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Fig. 3.5 Trajectory length under three dierent conditions.
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(a) Correlation matrix (b) Average correlation coecient vector
Fig. 3.6 Correlation matrix and Average correlation coecient vector.
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Fig. 3.7 Congruence under Human.
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Fig. 3.8 Congruence under Pend. hum..
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Table 3.3 Conditions on experiment 2.
Name Explanation Figure
Supp. sta.
Between a participant
and Robovie with
supported stationary swaying
-
Supp. hum.
Between a participant
and Robovie with
supported human-type swaying
Fig. 3.4(d)
Pend. sta.
Between a participant
and Robovie with
pendulum stationary swaying
Fig. 3.4(a)
Pend. hum.
Between a participant
and Robovie with
pendulum human-type swaying
Fig. 3.4(c)
????????????????????????????????????????
?????????????????????
 ??
Fig. 3.11 ? 4 ???????????????????????????????
???????????????????????????????????????
??????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
?????????F(1:90; 41:7) = 7:38; p = 0:0021?F(1:81; 40:3) = 4:86; p = 0:015?
F(3; 66) = 5:43; p = 0:0021?F(3; 66) = 17:0; p = 1:7  10 8??????????????
???? LSD?????????????????????????????????
?????????????????????????F(2:11; 46:5) = 2:01; p = 0:132??
Bonferroni ??????????????????????????????????
??? Fig. 3.11?????
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Fig. 3.9 Trajectory length under four dierent conditions.
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(a) Supp. hum. (b) Pend. hum.
Fig. 3.10 Congruence under human-like conditions.
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Fig. 3.11
Average score of dierent impressions. E: Extroversion, A: Agreeableness, I:
Intellect, N: Neuroticism, C: Conscientious.
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??? 1??????????????????? 2???????????????
???????????????????????????????Fig. 3.5?Fig. 3.9?
????????????7)???????????????????????????
???????????????????????????????????????
Fig. 3.12(a)?????????????????????????????????
???????????????????????????????????????
? t??????????????????????????????????????
?????????????t(10) = 5:35; p = 3:2  10 4???????????????
??Fig. 3.12(b)?????????Fig. 3.12(c)??????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
?t(10) = 3:00; p = 0:01??????????????????????????????
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Fig. 3.12 Trajectory length, congruence, and impression of two groups.
3.4 ??????
??????????????????????????????????????
???????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
? 3? ?????????????????????????????? 39
????????????
???????????????????????????????????????
??? 3????????????????
1. ?????????????????????????????????????
????????????????????????????????????
????
2. ?????????????????????????????????????
????????????????????????????????????
?????????????????????????????????????
??????
3. ?????????????????????????????????????
????????????????????????????????????
???????????????
???????????????????????????????????????
????????
????????????????????? 1?????????????????
????????????????????Fig. 3.4(b) ??????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
?????????
40
? 4?
????????????????
??????????????
? 3????????????????????????????????????
???????????????????????????????????????
???????????????????????????? 3??????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????????
????????????????????????????????????????
??????????
??????????????????????????????????????
???????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????????
???????????????????????????
???????????????????????????????????????
????????????5)???????????????????????????
????????????????????????????????????????
???????????????????????????????????????
????????????????????????????????????????
? 4? ?????????????????????????????? 41
????????????????????????????????????????
???????????????????????????????????????
????????????????????????????
??????????????????????????????????????
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4.1.1 ??????
??????????????????????????????????????
????????????????????????????????????????
?????????Morris14) ???????? 1?????????????????
????????????????????3?????????1?????????
?????????????????2??????????????????????
???????????????????????????????????????3
????????????????????????????????????????
?????????????????? 3????????????????????
???????????????????????????????????????
??????????????
????????????????????????????Hall13) ???????
???????????? 4 ??????? (???? (0?450mm)????? (450?
1200mm)?????? (1200?3600mm)????? (3600mm??))?????????
??????????????????????????????????????? 3
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
??????????????????????????????????????? 3
??????????????????? Robovie-IV???????
4.1.2 Robovie-IV?????
??????????????????????????????????????
?????????????????????????????????????? PID
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Fig. 4.1 Wheeled-inverted-pendulum model
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????
Robovie-IV???Fig.4.2???????Ha and Yuta64) ?????????????
????????????????????????????????????????
Robovie-IV???????????????????????4.1????4.2?????
??????????????Robovie-IV????????????????????
???????????????Fig. 4.1?????????????????????
??????????? Table 4.1????????????????????????
???
T =  Kp(˙   ˙des:)   Ki
Z
(˙   ˙des:)dt   Kd d(
˙   ˙des:)
dt
  Ka ˙   Kb
Z
( ˙ + ˙comp: + Kl ˙des:)dt                                    (4.1)
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Table 4.1 Variables of Wheeled-inverted-pendulum model
φ the inclination angle of the body Kp gains for wheel control (  )
θ the angle of wheel rotation Ki gains for wheel control (  )
T torque for wheels Kd gains for wheel control ( )
φcomp.
the compensation angle of the 
center of gravity
Kl
the gain that correlates to desired 
velocity with posture control
θdes. the desired velocity of the wheels M the mass of the body
Ka gains for posture control (  )
Kb gains for posture control (  )
αd
the reference velocity of the motor 
as controller output
φ
φ
θ
θ
θ
˙d = ˙ +
1
M
Z
Tdt                                                           (4.2)
Fig. 4.2????????????????????????????? Kp?Ki ??
???????????????????????????????? 4.2??????
Kd ??????????????????????????????????????
? comp: ????Fig. 4.2?????????? Ka, Kb???????????????
????????? Kl ???????????????????????????
????Fig.4.2???????????? Kp ? Ki ???????????????
? 4???????????????? 4???????????????? 4???
?????Robovie-IV?????????????????????????????
????????? 4.1?????????????????????????????
???????? Kp ? Ki ???????????????????????????
???????????????????????????????? 4???????
????
Kp ? ˙des: ? ˙????????????????4.1???????????????
???????????????????????????????????????
???????? Kp ?????????????Ki ?
R
˙dt?
R
˙des:dt???????
??????????4.1????????????????????????????
????????????????????????????????? Ki ?????
???????
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Fig. 4.2 Wheeled-inverted-pendulum block diagram
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PID ??????????Kp ? Ki ????????????????????
????????????????????? Fig. 4.3 (a)??????????
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??????????????
???? (b)Kp(large); Ki(small) (???(b)???)
?????????????????????Kp ? (a)?????Ki ? (a)? 3
?? 1???????????Fig. 4.3 (b)?????????????????
?????????????????????????????????????
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Fig. 4.3
Time series data of robot’s position for each reactive behavior when a subject
pushes the robot
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4.2.1 ????
?????? 4???????????????????????????????
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Fig. 4.4 Reactive behaviors (experimental scenes)
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Fig. 4.13 Correlation coecient between receding velocity of (d) and impressions.
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